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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2, ^^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]The C:0,005 to 0.08% (hereafter the same) at a weight percentage, Si : 1.0% or less, Mn: 1.0-2.5%, P:0.02% or 
less, S:0.01% or less, and aluminum : It is attached to steel containing 0.005 to 0.1%, Rough rolling of not less than 
60% of rolling reduction is performed for this slab at temperature of not less than 950 After performing finish 
rolling at temperature of not less than 850 >mc, quench with a cooling rate more than 10 ^/S, and a quenching stop 
is carried out at 500-650 A manufacturing method of high intensity hot coil material which was excellent in 
hydrogen sulfide-proof nature cooling with a cooling rate of 0.5-10 **/S succeedingly, and rolling round at 
temperature of 450 *♦ or less, and toughness. 

[Claim 2]C:0.005 to 0.08%, less than Si:1.0%, Mn : 1.0 to 2.5%, P:0.02% or less. S:0.01% or less, and aluminum : 0.005 to 
0,1% is included, Less than Cu:0.5%, less than nickel:0.5%, Cr : 1.0% or less, Mo: Less than 0.5%, less than Nb:0.1%, 
V:0.2% or less, Ti : It is attached to steel containing 1 of 0.05% or less and B:0.005% or less of sorts, and two sorts or 
more. Rough rolling of not less than 60% of rolling reduction is performed for this slab at temperature of not less 
than 950 **, After performing finish rolling at temperature of not less than 850 **, quench with a cooling rate more 
than 10 **/S, and a quenching stop is carried out at 500-650 **. A manufacturing method of high intensity hot coil 
material which was excellent in hydrogen sulfide*~proof nature cooling with a cooling rate of 0.5-10 ^^/S 
succeedingly, and rolling round at temperature of 450 ** or less, and toughness. 

[Claim 3]C:0.005 to 0,08%, less than Si:1.0%, Mn : 1.0 to 2.5%, P:0.02% or less, S:0.01% or less, and aluminum : 0.005 to 
0.1% is included. Less than Cu:0.5%, less than nickel:0.5%, Cr : 1.0% or less, Mo: Less than 0.5%, less than Nb:0.1%, 
V:0.2% or less, Ti : 1 of 0.05% or less and B:0.005% or less of sorts and two sorts or more are included. Less than 
Ca:0.005% and a rare earth element : It is attached to steel containing 1 of 0.02% or less of sorts, and two sorts, 
Rough rolling of not less than 60% of rolling reduction is performed for this slab at temperature of not less than 950 
**, After performing finish rolling at temperature of not less than 850 **, quench with a cooling rate more than 10 
**/S, and a quenching stop is carried out at 500-650 **, A manufacturing method of high intensity hot coil material 
which was excellent in hydrogen sulfide-proof nature cooling with a cooling rate of 0.5-1 0 **/S succeedingly, and 
rolling round at temperature of 450 ** or less, and toughness. 



[Translation done.] 
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DETAD-ED DESCRIPTION 



[Detailed Description of the Invention] 
(Field of the Invention) 

This invention relates to the manufacturing method of the high intensity hot coil material which was excellent in 
hydrogen sulfide-proof nature suitable as materials, such as petroleum which is applied to manufacture of high 
intensity hot coil material, especially contains humid hydrogen sulfide (H2S). and a transportation line pipe of natural 

gas, and toughness. 
(PRIOR ART) 

In recent years, what is called development of a sour oil rice field and a sour gas rice field containing a lot of H2S is 

performed briskly, it comes, and the demand of the crude oils and the line pipes for transportation of natural gas 
which were produced is also increasing as the oil well which can be exploited drainHzes. However, in such a sour oil 
or the line pipe for transportation of sour gas. the crack by humid may arise and the danger of leading to a 

failure accident has been an important problem from the large thing. 

As a crack produced in steel materials by humidity H2S, a hydrogen induction crack (HIC) and sulfide stress 

corrosion cracking (SSC) are known. HIC becomes the problem that the material of low strength is also 
comparatively big from generating, even if it is not based on material strength and external force does not exist. 
This is what generates a crack, as a result of the internal pressure in an interface increasing, since the hydrogen 
generated on the steel-materials surface in the corrosion reaction by H2S carries out invasion diffusion into steel 

and deposits as molecule-like hydrogen in the interface of nonmetallic inclusion and a ferrite, When some of these 
cracks adjoin and it generates, it is a phenomenon which grows by connecting mutually and comes to penetrate the 
whole thickness of steel materials. 

On the other hand, although SSC is a crack produced when stress acts on the material of high intensity 
comparatively and it becomes a problem in a line pipe in the hardening region of a heat affected zone in many cases, 
when it has comparatively uneven organizations other than a uniform full hardening tempering organization, a base 
material part may also generate SSC. 

As a trend of the latest line pipe, operating pressure is raised and the formation of heavy~gage high intensity for 
raising transport efficiency and high toughnessHzation of a cold district-oriented sake are required increasingly 
simultaneously. 

(Problem which an invention tends to solve) 

There is the following as a measure conventionally taken to HIC and SSC under the above humidity H2S 
environment. 

^ Since the method this gentleman method for attaining a sulfuric content reduction generates a crack of HIC. 
SSC, etc. along with the sulfide system inclusion by which expansion was carried out with rolling in many cases, it 
attains a sulfuric content reduction in order to decrease the number and quantity. However, even if it makes a 
sulfuric content reduction about S<=0.003%, in addition by a segregation part, generating of an expansion sulfide 
cannot be prevented thoroughly. 

The method this gentleman method by the shape controlling of inclusion is a method which is going to make a 
crack hard to spheroidize the sulfide system inclusion used as a crack generation starting point, and to generate, 
and specifically adds Ca and a rare earth element (JP,51-1 14318,A). however — if these are added so much — the 
sulfide of Ca or a rare earth element, and an oxide — a large quantity — and it condenses, and it is formed, this 
serves as a starting point, and a crack occurs. Therefore, simultaneously with strict control of an addition, a sulfuric 
content reduction is indispensable. 

*♦ the method of forming a protective coating in a steel surface — in order that this may control generating of 
hydrogen by corrosion, and invasion of hydrogen to the inside of steel, Co which adds Cu (JP.50-97515.A) is added 
— etc. {JP.58-133350,A) etc. — it is the method of depending. However, in pH 4,5 or less-about acidic environment, 
it is ineffective, and there is a problem that hot-working nature and weldability deteriorate, and there is a fault used 
as what has an expensive material. 

** The method this gentleman method by removal of abnormal structure a crack, C, Mn, P, etc. — concentration, 
since the band organization of the low-temperature transformation output (martensite or lower bainite) formed in 
the portion which carried out the segregation is met and it spreads and grows up easily. . Tend to prevent 
generation of such abnormal structure and reduce (1) C and Mn (JP,56-33459,A). (2) Methods, such as considering 
it as (3) or uniform bainitic steel which performs hardening tempering (JP,50-1081 1 9,A) (JP,53-52223,A), are 
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proposed. However, by the method of (1), it cannot be made high intensity but there is a problem of causing 
increase of energy consumption and decline in the rate of productivity, by the method of (2). Although the super-low 
carbon bainitic steel obtained by the method of (3) is high intensity compared with conventional ferrite pearlitic steel 
and it has the advantage that hydrogen sulfide-proof nature is excellent When this art Is applied to manufacture of 
hot coil material. In addition, toughness may fall remarkably or HIC-proof nature and SSC-proof nature may fall. 
The purpose of this invention is to provide the method of manufacturing the hot coil material which canceled the 
fault of the above-mentioned conventional technology, is high intensity, and was excellent in ductility, and was 
moreover excellent in hydrogen sulfide-proof nature, such as HIC-proof and SSC-proof nature. 
(Means for solving a problem) 

The place which added analysis examination about the cause of the toughness fall produced when this invention 
person applies the method of the above (3) to manufacture of hot coil material in order that the above-mentioned 
purpose may attain, and the fall of hydrogen sulfide-proof nature, The cause of the embrittlement in hot coll 
material is in the grain boundary embrittlement by annealing after rolling up, and it became clear that especially this 
brought about the fall of hydrogen sulfide-proof nature. 

Then, the method of the above (3) is faced applying to manufacture of hot coll material, As a result of obtaining the 
organization which makes super-low carbon bainite a subject and repeating research variously about the policy 
which can prevent grain boundary embrittlement, a possible thing is found out about the steel which has a specific 
chemical entity by controlling strictly the hot-rolling condition, the cooling conditions after rolling, rolling-up 
conditions, etc. 

This invention Namely, 0:0.005 to 0.08%, and less than Si:1,0%. Mn: 1.0-2.5%. P:0,02% or less, S:0.01% or less, and 
aluminum : 0.005 to 0.1% is included. If needed Less than Cu:0.5%. less than nickel:0.5%, and less than Cr:1.0%. Mo: 
Less than 0.5%, less than Nb:0.1%, V:0.2% or less, Ti : 1 of 0.05% or less and B:0.005% or less of sorts and two sorts or 
more are added, It is attached to the steel which added one sort in less than Ca:0.005% and less than rare earth 
element:0.02%, or two sorts by the case in addition to this addition, Rough rolling of not less than 60% of rolling 
reduction is performed for this slab at the temperature of not less than 950 **, After performing finish rolling at the 
temperature of not less than 850 quench with the cooling rate more than 10 ^^/S, and a quenching stop is 
carried out at 500-650 ^f^*. Let the manufacturing method of the high intensity hot coil material which was excellent 
in the hydrogen sulfide-proof nature cooling with the cooling rate of 0.5-10 **/S succeedlngly. and rolling round at 
the temperature of 450 ** or less, and toughness be a gist. 
This invention is explained in full detail based on an example below. 

First, the reason for limitation of the chemical entity of target steel is explained by this invention method. 

C:0.005 to 0.08%C Is an element required in order to obtain Intensity, and, for that purpose, may be 0.005% or more. 

However, since weldability, toughness, and hydrogen sulfide-proof nature will deteriorate if there are too many 

amounts of 0, let 0.08% be a maximum. 

Si: Although Si is added 1 .0% or less for the deoxidatlon of molten steel, since weldability and toughness will 
deteriorate when too large, add at 1 .0% or less. 

Mn: Since a ferrite content becomes superfluous, carbon will be condensed in bainite and toughness and sulfuration- 

proof nature hydrogen nature will deteriorate at the same time high intensity is no longer obtained if too low, add the 

amount of 1 .0 to 2.5%Mn 1 .0% or more. However, since weldability deteriorates, and a segregation will become 

remarkable and hydrogen sulfide-proof nature will also deteriorate if too large, let 2.5% be a maximum. 

It is so preferred that P:0.02%or less P is low since it is an impurity element. Since a segregation will become 

remarkable like Mn and hydrogen sulfide-proof nature will deteriorate If too high, it Is necessary to stop to 0.02% or 

less. 

It is so desirable that it is low since S:0.01 %or less S as well as P is an impurity element. Since the amount of 
sulfides will Increase and hydrogen sulfide-proof nature will deteriorate If too high, it Is necessary to stop to 0.01% or 

less. 

aluminum: Although aluminum needs to add 0.005% or more 0,005 to 0.1% for the deoxidation of molten steel, since 
oxide stock inclusion will increase, and hydrogen sulfide-proof nature will deteriorate and weldability and toughness 
will also deteriorate if too high, let 0.1% be a maximum. 

In this invention, one sort of the element shown in the following other than the above essential element or two sorts 
or more can be added in small quantities if needed for improving strength. 

Cu: 0.5% or less, addition of Cu is sour environment with comparatively high pH at the basis of necessary intensity 
reservation, and is effective in prevention of corrosion and hydrogen invasion. However, since hot-working nature 
and weldability will deteriorate if there are too many additions, let 0.5% be a maximum. 

nickel: 0.5%or less nickel brings about improvement in intensity and toughness, and is an effective element for 
prevention of hot-working nature degradation by Cu addition. However, since excessive addition degrades SSC- 
proof nature, it is not only economically disadvantageous, but it makes 0.5% a maximum. 

Cr: 1 .0% or less, although Cr is an effective element for improving strength and a corrosion-resistant improvement, 

since weldability will deteriorate if there are too many amounts of CKs). it makes 1 .0% a maximum. 

Mo: Since weldability will deteriorate 0.5% or less If there are too many amounts of Mo although Mo is an effective 

element for intensity, toughness, and corrosion-resistant improvement, let 0.5% be a maximum. 

Nb: Although addition of Nb brings about improving strength by carbon nitride deposit 0,1% or less, even if it adds 

superfluously, an effect is saturated, and since it is economically disadvantageous, let 0.1% be a maximum. 

V: Although addition of 0.2%or less V brings about improving strength by carbon nitride deposit like Nb, even If It 
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adds superfluously, an effect is saturated, and since it is economically disadvantageous, let 0.2% be a maximum. 
Ti: 0.05%or less Ti fixes N as TiN, and makes the proeutectoid ferrite inhibition effect of B act effectively in B 
addition steel. However, since big and rough TiN will be fabricated and this will serve as a starting point of HIC and 
SSC if there is too much Ti quantity, let 0.05% be a maximum. 

Although the segregation of the B:G.005%or less B is carried out to gamma grain boundary, it delays the nucleation of 
a proeutectoid ferrite and it contributes to improving strength by increasing the amount of bainites, however since 
toughness degradation will be caused if it adds superfluously, let 0.005% be a maximum. 

One sort of the element shown further below or two sorts can be added in small quantities if needed with the 
above-mentioned arbitrary alloying element. 

Ca: Although addition of 0.005%or less Ca is effective in the shape controlling of a sulfide, since oxide stock 
inclusion will increase and toughness and hydrogen sulfide-proof nature will deteriorate if contained superfluously, 
let 0.005% be a maximum. 

REM(rare earth element): Although addition of 0.02%or less REM is effective in the shape controlling of a sulfide, 
since oxide stock inclusion will increase and toughness and hydrogen sulfide-proof nature will deteriorate if 
contained superfluously, let 0.02% be a maximum. 

To the steel which has the above chemical entity, by regulating hot-rolling conditions, the cooling conditions after 
rolling, and rolling-up conditions, grain boundary embrittlement is prevented and the organization which makes 
super-low carbon bainite a subject can be obtained especially by this invention. 

Namely, ease grain boundary segregation by replacing first gamma grain boundary in which the impurity carried out 
the segregation so much in a recrystallization gamma grain boundary at the time of slab heating, and. It is necessary 
to fully take working ratio, to carry out minuteness making of the recrystallization gamma grain, and to perform 
rough rolling for that purpose on the conditions of the temperature of not less than 950 and not less than 60% of 
rolling reduction, and finish rolling is performed above 850 **, in order to make it not become 2-phase region rolling. 
In order to prevent the deposit of a lot of proeutectoid ferrites, it cools with the cooling rate more than 10 **/S, 
and after rolling carries out a quenching stop among 500-650 **. When quenching stop temperature is higher than 
650 a lot of proeutectoid ferrites will deposit, and since hardening organizations, such as martensite and lower 
bainite. will be generated when lower than 500 **. in order to prevent these, let quenching stop temperature be the 
range of 500-650 

It cools with the cooling rate of 0.5-10 **/S succeedingly, and after a quenching stop is rolled round at the 
temperature of 450 ** or less. It is to prevent hardening organizations, such as martensite and lower bainite, from 
producing setting the maximum of a cooling rate to 10 **/S, and a minimum is set to 0.5 **/S in order to prevent 
grain boundary embrittlement. It becomes impossible for coiling temperature to prevent the grain community 
embrittlement over 450 **, and it will deteriorate hydrogen sulfide-proof nature. 

In this way, since the hot coil material obtained can prevent grain boundary embrittlement and it has an organization 
which makes super-low carbon bainite a subject, it is hot-rolling material which is high intensity and was excellent in 
hydrogen sulfide-proof nature, such as toughness, HIC-proof nature, and SSC-proof nature. 
(EXAMPLE) 

Using the slab which has a chemical entity shown in the 1st table, rolling, cooling, and rolling-up conditions were 
changed, hot-rolling simulation experiment rolling was performed, and the hot coil of 1 2 mm of board thickness was 
manufactured. 

From the position of 1/3 piece of a steel plate to a test piece for tensile test (a JISNo. 14 A specimen and the 
diameter of 6 mm) The direction logging of C, the piece of a Charpy test (JIS No. 4, the direction logging of C), the 
HIC specimen (100 mm in length, 20 mm in width, 1 mm of surface and rear surface cutting), and the SSC specimen 
(75 mm in length. 15 mm in width, and 3 mm in thickness) were created, and each examination was presented. 
After carrying out no-load immersion for 96 hours, the speculum of six sections is performed in the solution which 
saturated hydrogen sulfide including 5% of salt, and 0.5% of acetic acid about one steel type, and it is expressed with 

2 Z aij/6W 

a following formula, and is divided, and a HIC examination is a length rate, 1 j~ 1 

Here, they are the crack length of u:each, and n. : The number of cracks in 1 section. W : The board width was 
measured. In O, crack nothing and ** broke, less than 3% of a length rate and x broke, and the judging standard was 
made into not less than 3% of the length rate. 

After the SSC examination gave the deflection which is equivalent to **-like stress with 4 point-bending jig to the 
specimen, it was immersed into the same solution as a HIC examination for 300 hours. Then, the surface was 
observed under 10 times as many microscopes, and the surface check was investigated, x to which O is accepted 
as for a judging standard, and a crack is accepted as for crack nothing and presupposed that a crack is 
remarkable. 

The hydrogen sulfide-proof nature of the tensile property of a steel plate, an impact property, HIC-proof nature, and 
SSC-proof nature is shown in the 2nd table. 

As shown in the table, the hot coil by this invention method shows the toughness and hydrogen sulfide-proof nature 
which are high intensity and were excellent. On the other hand, especially in the case of the comparative example, 
since [ of a chemical entity, a rolled bar affair cooling conditions, or coiling temperature ] either is outside this 
invention range at least, hydrogen sulfide-proof nature is inferior. 
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(EFFECT OF THE INVENTION) 

As explained in full detail above, according to this invention, about the steel which has a specific chemical entity, 
control strictly a rolled bar affair, the cooling conditions after rolling, and rolling-up conditions, prevent grain 
boundary embrittlennent, and. By considering it as the organization which makes super-low carbon bainite a subject, 
the hot coil material which is high intensity and was excellent in toughness and hydrogen sulfide-proof nature (HIG- 
proof nature, SSC-proof nature) can be manufactured. Therefore, it is suitable for manufacture of the hot coil 
material with which petroleum and the line pipe for transportation of natural gas containing humidity H2S, an oil well 

pipe, a storage container, etc. are presented. 



[Translation done.] 
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